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Abstract — Morphometrics and DNA microsatellites were used to analyse the genetic structure of popu-
lations of the stingless bee M. beecheii from two extremes of its geographic range. The results showed
that populations from Costa Rica and Yucatan exhibit substantial phenotypic and molecular differentiation.
Bees from Yucatan were smaller and paler than those from Costa Rica. The value of multilocus Fg7 = 0.280
(P < 0.001) confirmed that there were significant molecular genetic differences between the two popula-
tions. Populations showed significant deviation from Hardy Weinberg equilibrium and the values of Fg
(the inbreeding coeflicient) were positive for Costa Rica = 0.416 and the Yucatan Peninsula = 0.193, indi-
cating a lack of heterozygotes in both populations possibly due to inbreeding. The DNA sequence of 678
bp of the mitochondrial gene COI differed between populations by 1.2%. The results of this study should
be considered in conservation programmes, particularly with regard to the movement of colonies between
regions.
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1. INTRODUCTION Meliponini have been little studied, the re-
sult being that the classification of the group
is still largely unresolved (Camargo et al.,
1988; Michener, 2000). Moreover, few ex-
tensive analyses have been conducted on the
population structure of stingless bee species
(cf. Waldschmidt et al., 2002; Castanheira and
Contel, 2005). Thorough analyses of other
members of the family Apidae (e.g. the honey
bees Apis mellifera, Apis cerana and Apis flo-
rea plus the bumble bees Bombus spp., see

The Meliponini or stingless bees (Hy-
menoptera: Apidae) are amongst the most
abundant and ecologically important social
invertebrates in tropical communities due to
their keystone role in the pollination of large
numbers of wild plants and crops (Roubik,
1989). Compared to their sister group the
honey bees (Apini) that are native to much of
the tropical and temperate Old World (Ruttner,

1988), the 400 plus species of pantropical
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Radloff et al., 2005; Hepburn et al., 2001,
2005; Estoup et al.,, 1996; Widmer et al.,
1998, Widmer and Schmid-Hempel, 1999)
have revealed patterns of subtle differentiation
amongst populations.
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The Yucatan Peninsula of southern Mex-
ico was a major centre for stingless bee keep-
ing and for trade in their products to other
sites in Mesoamerica ca. 1000-3000 years ago
(Quezada-Eudn et al., 2001). The species most
intensively exploited by the peoples of the
Yucatan Peninsula then and now, the Maya
Indians, was Melipona beecheii Bennett, a
species which was then very abundant. Nowa-
days stingless beekeeping is at the verge of
disappearing from the region, with poten-
tially many negative consequences such as
the loss of genetic variability in managed
colonies within apiaries (termed meliponar-
ios) (Quezada-Euén et al., 2001). The result
is that nowadays, Melipona beecheii is listed
as an endangered native bee species (Kerr,
2002), whose numbers have steadily declined,
both in terms of managed and wild colonies
(Quezada-Euén et al., 2001).

The geographic range of M. beecheii covers
a large area from southern Mexico in the north
down to Costa Rica in the south (Biesmeijer,
1997; Ayala, 1999). In Mexico, M. beecheii
is reported from the Yucatan Peninsula and
along both the tropical Gulf of Mexico and
the Pacific coasts (Ayala, 1999). Such an ex-
tensive distribution encompasses diverse en-
vironmental conditions and associated habitat
types. Therefore, it is possible that many lo-
cally adapted ecotypes have arisen (Camargo
et al., 1988).

Genetic analysis of populations has been
greatly enhanced with the progress in molec-
ular techniques. Nowadays, it is possible to
combine information derived from numerical
taxonomy and molecular methods to provide
a better profile of the population differentia-
tion of a species. For example, although not
always in total agreement, both morphologi-
cal and molecular genetic tools have proven to
be powerful methods with which to establish
the genetic structure in populations of other
bee species such as Apis mellifera (Ruttner,
1988; Estoup et al., 1996; Franck et al., 2001)
and Bombus spp. (Estoup et al., 1996; Widmer
et al., 1998; Widmer and Schmid-Hempel,
1999).

In this paper, we analyse the structure of
populations of M. beecheii collected at two
extremes of its geographic range, combining
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Figure 1. Map of M. beecheii collection sites in
the Yucatan Peninsula and Costa Rica. The collec-
tion sites in the three states of the Yucatan Penin-
sula are symbolised with triangles (Yucatan), di-
amonds (Campeche) and circles (Quintana Roo).
The sampling site in Costa Rica is symbolized with
a hexagon.

morphometrics, microsatellites and mitochon-
drial DNA sequences to address the follow-
ing questions: (1) what is the degree of phe-
notypic and genetic differentiation between
populations, (2) is there agreement between
morphometric and molecular data, and lastly
(3) since M. beecheii populations from the
Yucatan Peninsula have been under manage-
ment for centuries, we also tested if substantial
inbreeding may have occurred in them.

2. MATERIALS AND METHODS
2.1. Sample collection

Bees were collected in 1998 from seven sites
across the Yucatan Peninsula (65 colonies — at al-
titudes between 12 to 50 m asl.) and one site from
Guanacaste, Costa Rica (15 colonies at an altitude
of de 200 m asl.; Fig. 1). Each sample consisted of
ca. 15 young M. beecheii workers collected from the
central part of one colony. All samples were from
managed colonies and were preserved in ethanol at
—20 °C for the same length of time until morphome-
tric and molecular analyses were conducted.
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2.2. Morphometric analyses

The aim of the study was to establish differ-
ences between the Yucatan Peninsula and Costa Ri-
can populations. But since the samples from the Yu-
catan Peninsula were collected in 7 localities and
the ones from Costa Rica only in one, it was nec-
essary first to establish if there was homogeneity
in the Yucatan Peninsula samples. For this, the Yu-
catan Peninsula samples were divided into 3 groups
defined by the Mexican states from which they were
collected: Campeche (15 samples- 1 inland local-
ity); Quintana Roo (20 samples- 3 coastal locali-
ties) and Yucatdn (30 samples- 3 inland localities)
to analyse the variation amongst them (Fig. 1).

Eleven morphometric characters from the head,
wings and legs were measured in 10-12 work-
ers from each colony. The morphometric charac-
ters were chosen in accordance with Hartfelder and
Engels (1992) and Diniz-Filho and Pignata (1994).
The degree of maculation of the head (HM) was
also considered due to the variation in it already ob-
served between populations (Camargo et al., 1988;
Ayala, 1999). The head, right forewing, right hind-
wing and right posterior leg of each worker bee
were dissected with the help of a stereomicro-
scope (10x magnification) and were mounted on
35 mm photographic film slides. The head length
(HL); head width (HW); clypeus width (CW);
forewing length (WL); forewing width (WW); hind
wing length (HWL); hind wing width (HWW); fe-
mur length (FEL); tibia length (TIL); tibia width
(TIW) and basitarsus width (BAW) were measured
to an accuracy of 0.001 mm by means of an inverted
dissecting microscope that projected the image of
the structures onto a digitizer pad. The distances be-
tween points on the digitizer pad were converted to
micrometers by means of the program AFUSDA7
(Rubink, unpubl. data). The degree of head mac-
ulation was calculated as the area of the clypeus
and the supreaclypeal and malar areas covered by
yellow marks. We assigned each worker to one of
3 main types of head maculation: (1) scarce, yellow
marks covering less than 10% of the clypeus and the
supraclypeal area; hardly visible in the malar area
around the eyes; (2) medium, yellow marks between
10-50% of the clypeus and the supraclypeal area;
extending as thin lines in the malar area around the
eyes; (3) intense, yellow marks covering more than
50% of the clypeus and the supraclypeal area, ex-
tending in the form of a broad line in the malar area
around the eyes (Fig. 2).

After measuring all characters, they were com-
pared among the three Yucatan Peninsula states of

C

Figure 2. Degree of maculation on the head of
M. beecheii: (A) scarce (typical in specimens from
Costa Rica); (B) medium; (C) intense (typical in
specimens from the Yucatan Peninsula).

Mexico (Campeche, Yucatan and Quintana Roo) us-
ing ANOVA and Tukey’s test for a posteriori com-
parison among means.

Differences in head maculation were compared
between the three states by means of a contingency
G test. Then, a Principal Component Analysis (PCA
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using a correlation matrix) was performed on all
log-transformed metric characters (Wiley, 1981).
Eigenvalues (these define the amount of total vari-
ation that is displayed on the PC axes) and the per-
centage of the variance were obtained only for the
first 4 components, since they usually include the
largest amount of variation in the sample (Willey,
1981). Character loadings were calculated for each
of the four components in order to obtain the as-
sociation (positive or negative) of each character
with a component; only associations more extreme
in absolute value > 0.5 were considered. After ho-
mogeneity had been demonstrated in the samples
from the Yucatan Peninsula, we proceeded with
the comparison between the two populations, Costa
Rica and the Yucatan Peninsula of Mexico. The
same analyses above were conducted to compare
the 65 samples from the Yucatan Peninsula with
the 15 samples from Costa Rica. Additionally, for
this part of the study, colony Principal Compo-
nent Scores (PCS) were obtained by multiplying
the character coefficients for the four components
by their mean value for each colony. Colony PCS
from the Yucatan Peninsula and Costa Rica were
compared by means of ANOVA and were plotted
orthogonally against the axes of components 1 and
2 to obtain a comparative spatial distribution of the
two populations.

2.3. Molecular genetic analyses

Total DNA was extracted from the thorax of one
bee per colony, using a high salt protocol (Paxton
etal., 1999). Six microsatellite loci (T4, T7, Mbil 1,
Mb201, B116 and B124) were analysed using the
primers and amplification characteristics described
in Estoup et al. (1993, 1995); Paxton et al. (1999)
and Peters et al. (1999). Additionally, part of the mi-
tochondrial gene COI was sequenced in 2 individ-
uals from Costa Rica and 2 from Yucatan (location
Meérida) randomly taken from the samples above,
and all four from different colonies using primers
Pat and Jerry and the PCR conditions as described
in Simon et al. (1994). The sequences were aligned
to a sequence from M. bicolor in GenBank (Gen-
Bank Accession Number AF466146; Sylvester and
Arias, unpubl. data). The analysis of microsatellites
was conducted at the University of Sydney and the
University of Yucatan whilst the COI analysis was
conducted at Queen’s University Belfast.

Linkage of microsatellite loci was tested us-
ing the software package GENEPOP version 3.1

(Raymond and Rousset, 1995). Allele frequencies,
observed and Nei’s (1978) unbiased estimates of
expected heterozygosities of each microstellite lo-
cus were estimated for each population using the
FSTAT package (version 1.7 Goudet, 1996). The
effective number of alleles (n,) was computed as
ng, =1/~ pi2 where p; is the frequency of the ith al-
lele. Departures from Hardy-Weinberg equilibrium
for each locus and population were carried out by
exact tests, as implemented in GENEPOP using a
Markov chain approach.

The unbiased multilocus estimate of Fgr be-
tween populations was used to determine the
significance of genetic differentiation (Weir and
Cockerham, 1984) using the package FSTAT
(Goudet, 1996), which was also used to calculate
the inbreeding coeflicient F;g and its confidence in-
tervals. We assembled contigs using Staden (Staden
et al., 2000) and employed ClustalX to align se-
quences (Thompson et al., 1994) using default set-
tings.

3. RESULTS
3.1. Morphometric analyses

ANOVA of meristic characters from sam-
ples within the Yucatan Peninsula showed
that there were no significant differences for
10 morphometric characters except for femur
length, which was slightly longer in samples
from Quintana Roo (2.419 + 0.032) compared
to Yucatan (2.335 + 0.036) and Campeche
(2.313 + 0.053) (ANOVA P > 0.01). How-
ever, the PCA revealed no statistical differ-
ences in the first 4 components of the analysis
(P > 0 0.01). Facial colouration did not vary
among samples from the Yucatan Peninsula
(P > 0.05). We concluded that the samples of
the Yucatan Peninsula were homogeneous and
comparison with bees from Costa Rica could
proceed without including undetected within-
region differences.

There were significant differences between
the M. beecheii populations from the Yucatan
Peninsula and Costa Rica in all eleven mor-
phometric characters (Tab. I). In all characters
analysed, the Yucatan Peninsula bees were sig-
nificantly smaller than those from Costa Rica.
The characters with the largest variation be-
tween the means of the two groups were CW
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Table I. Univariate comparison of eleven morpho-
metric characters in populations of M. beecheii
from the Yucatan Peninsula and Costa Rica. Mean +
standard deviation.

Table II. Eigenvalues and percentage of variance
explained by the first four components in a PCA of
populations of M. beecheii from the Yucatan Penin-
sula and Costa Rica.

Character Yucatan Peninsula Costa Rica
(in mm) (n = 65) (n=15)
Head width (HW) 3.728 + 0.08* 3.898 + 0.067°
Head length (HL) 2.565 + 0.045* 2.588 + 0.051°
Clypeus width (CW) 1.639 + 0.042* 1.771 + 0.059°
Forewing length (FWL)  7.102 + 0.084* 7.793 + 0.128°
Forewing width (FWW)  2.547 + 0.080* 2.759 + 0.045"
Hind wing length (HWL) 4.510 + 0.079* 5.545 + 0.083"
Hind wing width (HWW) 1.445 + 0.044* 1.539 + 0.037°
Femur length (FL) 2.355 + 0.055% 2.535 + 0.044°
Tibia length (TL) 2.783 +0.065* 3.111 +0.112°
Tibia width (TW) 1.178 + 0.023*  1.213 + 0.041°
Basitarsus width (BW) 0.838 +0.032* 0.891 + 0.021°

Different letters within a row indicate significant differences
among means (ANOVA, P < 0.05).

(8%), WL (9%), WW (7%) and FL (9%). The
largest difference between the character means
of both groups was for TL at 10% (Tab. I).

The degree of head maculation was
markedly different between the bees from
Costa Rica and the bees from the Yucatan
Peninsula (G test y*(0.052) = 34.14, P < 0.01;
see Fig. 2). Yellow marks were almost ab-
sent in the face of Costa Rican bees and,
when present, scarcely covered the edge of the
clypeus and malar area whilst they were highly
conspicuous on the clypeus and a large portion
of the malar area in all Yucatan Peninsula bees.

For the PCA, the Kaiser Meyer Olkin mea-
sure of sampling adequacy was 0.85 and
Bartlett’s test of sphericity was 567.15 (P <
0.01), indicating that the correlation matrix
was not an identity matrix. The results from
the former two tests demonstrate that the data
were suitable for PCA. The first four com-
ponents of the PCA included 75.9% of the
variance in the morphometric characters, and
components 1 and 2 alone comprised 59%
(Tab. II).

The character loadings for each component
showed that HW, HWL, HWW and TW were
not closely correlated with component 1 whilst
all other characters were closely correlated.
However, since all variables were positively
correlated with this component, it provides ev-
idence that component 1 is related to body

Component Eigenvalues Percentage Cumulative
of variance percentage

1 5.321 42.15 42.15
2 1.857 17.60 59.75
3 1.251 9.42 69.17
4 0.991 6.85 75.97

Table III. Colony PC scores for the first four
components of a PCA between populations of M.
beecheii from the Yucatan Peninsula and Costa
Rica. The first figure in each column is the popula-
tion mean and the second is the standard deviation.

Costa Rica
(n=15)
2.982 + 0.033"
1.686 + 0.112°
0.675 + 0.051°
0.250 + 0.020°

Yucatan Peninsula
(n =65)
-0.124 £ 0.120%
—-0.090 + 0.065*
0.031 = 0.012*
0.068 + 0.024%

Character

Component 1
Component 2
Component 3
Component 4

Means followed by different letters within a row differ
at P < 0.05.

size. Thus, 42% of the variance in the anal-
ysed populations was due to size differences
(Tab. II).

In contrast components 2 to 4 included
characters negatively correlated with their re-
spective components and can be interpreted as
shape components (Wiley, 1981). Head size
and shape (HW and HL) loaded heavily on
component 2, which accounted for 17% of the
variation in the data. Component 3 was related
to the width of three structures (CW, FWW
and HWW); this component accounted for 9%
of the variation in the data. Finally, compo-
nent 4 was also related to the width of three
structures (HW, TW and BW) and accounted
for 6% of the total variance in the data.

Colony component scores were calculated
using each character’s coeflicients associated
with each component and the means for each
population were compared by ANOVA. There
were significant differences amongst both pop-
ulations for the 4 components (Tab. III). The
population from the Yucatan Peninsula had a
significantly smaller mean for component 1,
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Figure 3. Distribution of PCA scores of
M. beecheii colonies from the Yucatan
Peninsula and Costa Rica against com-
ponents 1 and 2.

Table I'V. Summary of genetic information for populations of M. beecheii from the Yucatan Peninsula and
Costa Rica, giving the effective number of alleles per population (N,), observed (H,) and expected (H,)
heterozygosity, the inbreeding coefficient (F;s) and Fsr, a measure of population differentiation. Means +

SE are given for values across all loci.

Na Ho He FIS FS T

Locus Yucatan  Costa  Yucatan Costa Yucatan Costa Yucatan Costa

Peninsula Rica  Peninsula Rica Peninsula Rica Peninsula Rica
T4 2.0 1.81 0.333 0.230 0.848 0.563 0.607* 0.591* 0.385
T7 2.20 1.89 0.468 0.461 0.547 0.655 0.144%* 0.296* 0.467
Mbill 1.97 1.91 0.478 0.308 0.499 0.694 0.042 0.556* 0.177
Mbi201 1.92 1.95 0.405 0.454 0.488 0.873 0.170* 0.479% 0.382
B116 7.33 4.51 0.859 0.909 0.938 0.951 0.084* 0.044 0.054
B124 1.65 1.62 0.301 0.250 0.361 0.532 0.166* 0.530%* 0.074

overall 284+ 228+ 0474+ 0435+
2.20 1.09 0.201 0.252

0535+ 0711+ 0.193*+ 0416% + 0.280 =
0.226 0.168 0.207 0.209 0.080

* Significantly different from zero at P < 0.05.

related to body size, and for component 2,
related to the size and shape of the head,
compared to the population from Costa Rica
(P < 0.01). The results for components 3
and 4 showed a similar pattern, with the pop-
ulation from the Yucatan Peninsula scoring
smaller values compared with the population
from Costa Rica. Finally, the orthogonal pro-
jection of PCAs against components 1 and 2
showed complete separation between the pop-
ulations from the Yucatan Peninsula and Costa
Rica (Fig. 3).

3.2. Molecular studies

The frequencies of alleles, the observed and
expected heterozygosities per locus, the mean
effective number of alleles per locus and pop-
ulation, and the overall summary data for each

population are presented in Table IV. Both
populations studied were polymorphic for the
six microsatellite loci investigated. No pair of
loci was significantly linked (P > 0.05).

The total number of alleles detected per lo-
cus ranged from 3 in loci T4 and B124 to 27
in locus B116. The effective number of alle-
les per population (observed allelic diversity)
for the most variable locus, B116, ranged from
4.5 in the population from Costa Rica to 7.3
in the Yucatan Peninsula (Tab. IV). Average
observed heterozygosities were 0.435 + 0.25
in Costa Rica and 0.473 + 0.2 in the Yucatan
Peninsula. Overall expected heterozygosities
were 0.711 + 0.16 in the Costa Rican popula-
tion and 0.535 + 0.22 in the Yucatan Peninsula
(Tab. IV).

Across all loci, there was a total of 32 pri-
vate alleles, that is, alleles found in either
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the Yucatan Peninsula (24 alleles) or Costa
Rica (8 alleles) but not both. However, in the
Yucatan Peninsula population 12 of the pri-
vate alleles were found in locus B116 that was
extremely polymorphic (27 alleles observed
in this study). Moreover, allele frequencies
differed greatly between the Yucatan Penin-
sula and Costa Rica. Single locus Fsy val-
ues ranged between 0.023 for locus B116 to
0.378 for locus T7 and were all different from
zero (P < 0.01), indicating substantial genetic
differentiation between populations. Multilo-
cus Fgr was 0.280 (P < 0.001) which con-
firmed that populations of M. beecheii from
the Yucatan Peninsula and Costa Rica were
significantly different from each other at the
molecular level as well as at the morphologi-
cal level.

Exact tests revealed departure from Hardy-
Weinberg equilibrium for all loci tested (P <
0.001) due to heterozygote deficit. The values
of Fis were also universally positive across
loci and for both populations (Tab. IV), further
indicating a lack of heterozygotes, except for
locus Mbil1 in the Yucatan Peninsula popula-
tion and for locus B116 for the Costa Rican
one. This result was confirmed by the over-
all significant deviation from Hardy-Weinberg
expectations across loci and populations (y* =
infinity; df 20).

COI (GenBank Accession numbers CR2
836923-ME2 836925) sequences were trivial
to align. Of the 678 bp which were sequenced,
those from Yucatan were identical, and the
two from Costa Rica were likewise identical.
However, there were 8 substitutions (1.2% se-
quence divergence) between Costa Rican and
Yucatan Peninsula bees and 22 fixed differ-
ences out of 678 bp (3.2% sequence diver-
gence) between M. beecheii and M. bicolour.
Though we lack a robust phylogeny of the
genus Melipona with which to interpret the
intraspecific difference, our data suggest that
the two populations show considerable diver-
gence.

4. DISCUSSION

The results of both the morphometric and
molecular analyses showed that populations of

M. beecheii from Costa Rica and the Yucatan
Peninsula exhibit substantial differentiation,
and that both morphology and genetics concur
in their signal of population genetic differenti-
ation.

The first evidence for differentiation be-
tween the populations comes from integument
colour. Body colour characters are commonly
used in traditional taxonomy of bees to sepa-
rate taxa (Schwarz, 1948; Pamilo et al., 1984,
Ruttner, 1988; Waldschmidt et al., 2000).
Schwarz (1932) even commented on the dif-
ferences in colour forms of M. beecheii across
its range. However, colour variation may not
be reliable when used alone for classification
purposes in bees (e.g. B. terrestris, see Estoup
etal., 1996). Rather, we used face coloration as
an additional characteristic to the analysis of
morphometrics and microsatellites and found
differences in the extent of yellow marks on
the face of M. beecheii. Similar results were
found when analysing M. beecheii populations
from two regions in Mexico (Carrillo et al.,
2001) where bees from southern Chiapas had
smaller yellow marks on the clypeus and malar
area compared to bees from the northern part
of the Yucatan Peninsula.

In our study, bees from Costa Rica were
also darker than bees from the Yucatan Penin-
sula. Costa Rican bees collectively lacked the
extended yellow stripes on the clypeus com-
pared with those from the Yucatan Peninsula.
The evidence from this study and that from
Carrillo et al. (2001) suggests that colour vari-
ability may be greater between populations of
M. beecheii than within them, and that this
pattern could be useful in establishing the ge-
ographic origin of specimens. More samples
from Cuba, Central America and other areas
of Mexico need to be analysed to support this
hypothesis.

Body size also differed between Yucatan
Peninsula and Costa Rican bees, the for-
mer being significantly smaller compared with
their southern counterparts. Worker bee size
may reflect adaptations to local environmen-
tal conditions (Ruttner, 1988). Hepburn and
Radloff (1998) and Hepburn et al. (2001) have
established empirically that the greater the ge-
ographic distances between honey bee pop-
ulations, the greater the likelihood that such
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groups will show substantial separation in
multivariate analyses of size, though whether
this is due to selection, genetic drift, or both
is unclear. Melipona beecheii samples that
we analysed came from two extreme distribu-
tional localities of the species so it is unsur-
prising that, as with colour, bees differed in
body size. Whether this size difference is due
to selection or drift or both, remains to be in-
vestigated.

The findings of differences in colour and
size in M. beecheii hint at possible differ-
entiation between populations at the genetic
level too. Few molecular studies have been
conducted on stingless bees to address their
population genetics (Waldschmidt et al., 2000,
2002; Francisco et al., 2001; Castanheira and
Contel, 2005). To our knowledge ours is the
first one to include microsatellite loci. Mi-
crosatellites are valuable tools for population
studies due to their high level of polymor-
phism as well as being selectively neutral and
displaying codominance and Mendelian inher-
itance (Goldstein and Schlétterer, 1999).

The results of our microsatellite analysis re-
vealed differentiation between Yucatan Penin-
sula and Costa Rican M. beecheii. The high
values of Fgr confirmed that there were sig-
nificant molecular genetic differences between
the two populations. Such genetic heterogene-
ity between Yucatan and Costa Rica can be ex-
plained by reduced gene flow that leads to sig-
nificant differentiation between populations.

Sequence divergence between Costa Rican
and Yucatan Peninsula samples of M. beecheii
at the COI gene was also marked (1.2%). This
mitochondrial gene has become the candidate
for DNA barcoding studies (e.g. Hebert et al.,
2003a,b; Savolainen et al., 2005) and there-
fore there is a considerable number of se-
quences deposited in data banks (e.g. Gen-
Bank) for many insect species. Typically, COI
sequence divergence between insect species
is of the order of 3-10% (Hebert et al.,
2003a,b; Monaghan et al., 2005), though sib-
ling species may show far lower sequence di-
vergence (down to 0.32%, Hebert et al., 2004).
Among bee species, sibling species of Colletes
show no fixed differences in COI sequences
(Kuhlmann et al., 2007) whilst species of Eu-
glossini may differ by < 1% (Dick et al., 2004).

In contrast, cryptic species of Bombus differ
by ca. 3% (Berstch et al., 2005) and the major
geographic races of the honey bee A. mellif-
era differ by > 2% (Smith, 1991). It is there-
fore not yet possible to evaluate whether the
observed divergence of 1.2% between pop-
ulations of M. beecheii represents different
species or intraspecific diversity until more
thorough sampling of this and other stingless
bee species has been undertaken.

In contrast to the situation in honey bees
(Winston, 1987) and bumblebees (Widmer and
Schmid-Hempel, 1999), stingless bee colonies
and their female reproductives do not mi-
grate and show only reduced dispersal (a few
hundred metres at the most) during swarm-
ing (Engels and Imperatriz-Fonseca, 1990).
Their particular mode of reproduction in-
volves a gradual movement of construction
and food materials between mother and daugh-
ter colonies and prevents long distance disper-
sal of their maternally inherited mitochondrial
genes. Moreover, the existence of large areas
devoid of primary forests necessary for nesting
strongly affects species of Melipona that then
become isolated in forest fragments (Brown
and Albrecht, 2001).

We found reduced heterozygosity com-
pared to expected values in both populations
of M. beecheii for most microsatellite loci.
There was also significant inbreeding in both
populations (Fjs was positive and there was
significant deviation from Hardy Weinberg
equilibrium). At least for the Yucatan Penin-
sula, where feral populations of M. beecheii
are extremely rare, deforestation (Gomez-
Pompa and Kaus, 1999), human management
(Quezada-Euan et al., 2001) and other en-
vironmental factors such as the use of pes-
ticides (Valdovinos-Nunez et al., 2003), in-
terspecific competition with honey bees for
food resources (Pinkus-Rendon et al., 2005)
and nest sites (Santos-Leal, 2006) may act to
reduce the species’ population size and in-
crease inbreeding. These factors may also im-
pact populations of M. beecheii in Costa Rica
and elsewhere.

Presently, the northern part of the Yucatan
Peninsula is composed of a few patches of
less-managed forests coexisting with vast ar-
eas of agroforestry systems and abandoned
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agricultural land (Gomez-Pompa and Kaus,
1999). Habitat fragmentation may severely af-
fect feral populations of M. beecheii from the
Yucatan Peninsula by reducing colony disper-
sion and genetic drift (Carvalho et al., 1995).
Our results provide information for current
conservation programmes in the region and
elsewhere. Efforts should aim to maintain ge-
netic variability by promoting the reproduc-
tion of as many colonies as possible. Given
the marked differentiation between popula-
tions from different regions that may even rep-
resent different species, caution needs to be ex-
ercised in the movement of colonies between
locations occupied by this species in southern
Mexico and Central America.
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Les caracteres morphologiques et moléculaires
révelent une différenciation chez 1’abeille so-
ciale néotropical Melipona beecheii (Apidae,
Meliponini).

Melipona | abeille sans aiguillon / structure
population / variabilité génétique / Yucatan /
Costa-Rica

Zusammenfassung — Morphologische und mole-
kulare Marker weisen auf eine Differenzierung
in Populationen der neotropischen Stachellosen
Biene Melipona beecheii (Apidae : Meliponini)
hin. Die tiber 400 Arten umfassenden pantropisch
verbreiteten Meliponini sind vergleichsweise wenig
untersucht, insbesondere gibt es nur wenige Studien
zur Populationsstruktur. Die Art Melipona beechei
weist eine geographische Verbreitung von Mexi-
ko bis Costa Rica auf (Abb. 1), so dass es mog-
lich ist, dass lokal adaptierte Okotypen existieren.
Wir nutzen einen morphometrischen Ansatz, sowie
DNA Mikrosatellitenloci und Gensequenzen mit-
ochondrialer DNA um die Populationsstruktur von
M. beecheii an den Extrempunkten der geographi-
schen Verbreitung zu untersuchen.

Die Bienen wurden 1998 an sieben Orten auf der
Halbinsel Yucatan (65 Voélker) und an einem Ort
in Costa Rica (15 Volker) gesammelt. ElIf Morpho-
metriemerkmale am Kopf, an Fliigeln und Beinen
wurden an 10-12 Arbeiterinnen pro Volk vermessen
und die einzelnen Standorte wurden mittels ANO-
VA (gefolgt von Tukey post hoc Tests) verglichen.

Populationsunterschiede in Farbmarken am Kopf
(Abb. 2) wurden mittels Kontingenz G-Test heraus-
gearbeitet. Anschliessend wurde eine Hauptkompo-
nentenanalyse (PCA auf der Basis einer Korrelati-
onsmatrix) mit allen log-transformierten metrischen
Merkmalen durchgefiihrt.

Sechs Mikrosatellitenloci (T4, T7, Mbill, Mb201,
B116 und B124) wurden an jeweils einer Arbeite-
rin pro Volk untersucht. Zusitzlich wurden 678 Ba-
senpaare des mitochondrialen Gens COl fiir jeweils
zwei Individuen aus Costa Rica und Yucatan se-
quenziert. Die Verkniipfung (linkage) der Mikrosa-
tellitenloci wurde mittels des Programmpakets GE-
NEPOP Version 3.1. getestet. Die Allelfrequenzen
und beobachtete sowie Nei’s (1978) unabhingige
Erwartungswerte fiir Heterozygotie an jedem Mi-
krosatellitenlocus wurden fiir jede Population mit-
tels des FSTAT Programmpakets ermittelt. Die ef-
fektive Anzahl an Allelen (n,) wurde als n, = 1/% pf
berechnet, wobei p; die Frequenz des i-ten Al-
lels darstellt. Abweichungen vom Hardy-Weinberg-
Gleichgewicht an jedem Locus und fiir jede Po-
pulation wurden mittels in GENEPOP verfiigbaren
exakten Tests in einem Markov Ketten-Ansatz er-
mittelt. Der unabhédngige Multilocus-Schitzwert fiir
Fgr zwischen Populationen wurde benutzt, um die
Signifikanz der genetischen Differenzierung mittels
FSTAT herauszuarbeiten und um den jeweiligen In-
zuchtgrad F;s und seine Konfidenzintervalle zu be-
rechnen.

Die Populationen aus Costa Rica und Yucatan zeig-
ten eine erhebliche phinotypische und genetische
Differenzierung. Dabei bildeten die Volker aus
Yucatan eine homogene Gruppe, die sich deutlich
(als kleiner und weniger farbkriftig) von den Costa
Rica Volkern unterschied (Tab. I, II; Abb. 3). Der
Multilocus Wert fiir F's7 = 0,280 (P < 0,001) belegt
die signifikante molekulargenetische Differenzie-
rung zwischen den beiden Populationen (Tab. IV).
Beide Populationen zeigten erhebliche Abweichun-
gen vom Hardy-Weinberg Gleichgewicht. Die Fig-
Werte fiir Costa Rica = 0,416 (P < 0,05) und
Yucatan = 0,193 (P < 0,05) waren hochsignifikant,
was auf ein vermutlich inzuchtbedingtes Fehlen an
Heterozygoten hinweist. In den DNA-Sequenzen
fiir COI unterschieden sich die beiden Populationen
um 1,2 %. Die Ergebnisse der vorliegenden Studie
sollten in Konservierungsprogramme Eingang fin-
den, vor allem dann, wenn der Austausch von Vol-
kern zwischen Regionen in Betracht gezogen wird.

Stachellose Bienen / Melipona | Populationsana-
lyse / Yucatan / Costa Rica / Genetische Diversi-
tit
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